Objective -The aim was to report a case of a 17-year-old girl with marked virilization and secondary amenorrhea due to androgen producing Sertoli-Leydig cell tumor (SLCT). We also provided a brief review of the literature with insight into clinical picture, pathological features and treatment of patients with this rare tumor. Case report − We present a 17-year-old girl with SLCT, who developed clinical symptoms of severe virilization. The tumor secreted testosterone and alpha fetoprotein (AFP). The imaging revealed tumor of the right ovary which histologically corresponded to intermediate-grade SLCT with low mitotic rate. Furthermore, it was stage IA according to International Federation of Gynecology and Obstetrics. Laparoscopic right salpingo-oophorectomy was preformed, resulting in regression of virilization symptoms and normalization of serum testosterone and AFP levels. Conclusion − Due to rarity of SLCT in children and adolescents, gathering information from available case reports is necessary to establish guidelines regarding optimal management, including type of surgery and adjuvant chemotherapy. New knowledge regarding related diseases in SLCT survivors emphasize the need for long-term follow up of these patients.
Introduction
Sertoli-Leydig cell tumor (SLCT) belongs to a group of sex cord-stromal tumors and is a rare neoplasm, representing less than 0.2% of ovarian tumors (1) . Although most common in women in the 3 rd decade of life (1) , it can be seen in all age groups (2) . In 50-70% of cases, SLCT presents as an abdominal mass, and 30-50% of them are hormonally active, producing mostly androgens and rarely estrogen (1, 3) . Occasionally, SLCT produce alpha fetoprotein (AFP) (1, 2) . Elevated serum testosterone levels may lead to virilization, including hirsutism, acne, voice hoarseness, oligo-or amenorrhea, hypertrophy of the clitoris, and breast atrophy (3) . These tumors are usually unilateral. Histologically, they consist of variable proportions of Sertoli and Leydig cells and are classified as well, intermediate or poorly differentiated tumors. Intermediate and poorly differentiated Sertoli-Leydig cell tumors can show retiform pattern and contain heterologous elements which include epithelial and/or mesenchymal tissues, as well as tumors arising from these elements (4) . The treatment consists of surgery followed by adjuvant chemotherapy in metastatic or poorly differentiated tumors. The overall prognosis is good, with five-year survival rate of 70-90%. Disseminated or poorly differentiated tumors are associated with a worse prognosis (2, 5) . Due to low incidence of SLCT, optimal management is not well established.
The aim was to report a case of a 17-yearold girl with marked virilization and secondary amenorrhea due to androgen producing SLCT. Furthermore, a brief review of literature was provided with insight into clinical picture, pathological features and treatment of patients with this rare neoplasm.
Case report
The patient is a 17-years old nulliparous female with secondary amenorrhea for 1.5 years, as well as progressive voice hoarsening, acne and hirsutism. She had no history of abdominal bloating or pain. Initial laboratory evaluation detected elevated basal levels of 17-hydroxyprogesterone (12.8 nmol/L; reference range, 0.6-2.3). Nonclassical congenital adrenal hyperplasia (CAH) was suspected and patient was given hydriocortisone at an outside insitution. During hydrocortisone therapy she remained amenorrhoic and her symptoms persisted. Upon initial assessment the enlarged thyroid was noted, but further evaluation, including thyroid hormones, antibodies, ultrasound, fine needle aspiration cytology, and scintigraphy, was all normal.
Initial ovarian ultrasound revealed cystic mass in the projection of the right ovary measuring 65×40 mm. Uterus and the left ovary were unremarkable. Abdominal MRI was performed revealing partially solid and partially cystic right adnexal mass measuring 53×48×50 mm. The patient was then referred to our institution for further workup. Upon admission, physical examination revealed a girl with muscular appearance, severe hirsutism (Ferriman-Gallwey score 22), with acne on face and the upper body, hypotrophic breasts, clitoromegaly, and hoarse voice. The treatment with hydrocortisone was discontinued. Laboratory evaluation revealed significantly elevated serum testosterone and AFP levels, while other tumor markers were within the normal range. The laboratory results are shown in Table 1 .
Transrectal ultrasound showed small uterus displaced to the left, normal morphology of the left ovary and globular tumor of the right ovary, measuring 60 mm in diametar, which was predominantly solid, and showed no changes in Color Doppler blood flow. The patient underwent laparoscopic right salpingo-oophorectomy. The right ovary was markedly enlarged and incorporated in tumorous mass measuring 85×70×20 mm, with smooth white surface. On inspection, the other abdominal structures appeared unremarkable and peritoneal diagnostic lavage was done for cytology. Macroscopically, the ovarian tumor had solid, white-yellow to brown cut surface. Histopathological examination showed that the tumor was composed of Sertoli and Leydig cells forming solid areas, cords and tubules, some of which were cystically dilated. The possibility of adjuvant chemotherapy was discussed with the patient and her family, but they opted not to administer it. The levels of testosterone and AFP were slightly above the normal range 12 days after surgery, but normalized during the follow up. Menstrual cycles were restored one month following surgery, but have remained irregular. Six months after surgery hirsutism and acne regressed, the voice was less harsh and the size of clitoris was reduced. The patient remains in remission one year after surgery with normal laboratory findings and ovarian ultrasound.
Discussion
Herein, we present an adolescent girl with a rare sex cord-stromal tumor, SLCT with clinical symptoms of severe virilization and elevated AFP levels. The tumor was successfully treated by laparoscopic surgery. Although the secretion of AFP in SLCT was considered rare, recent reports show significant proportion of SLCT with elevated AFP levels, particularly in children and adolescents, ranging from 14 to 27% (1, 2, 6 ). The secretion of AFP makes it difficult to distinguish SLCT from other tumors that usually produce AFP (7). Therefore, when evaluating patients with elevated levels of AFP, SLCT should always be considered, particularly if signs of virilization are present.
Immunohistochemical staining can be positive for AFP in Leydig or Sertoli cells, intestinal-type mucinous epithelium, hepatocytes or hepatocyte-like cells. In our patient, the AFP staining was positive in scattered heterologous hepatocyte-like cells. Similar to previous reports, moderately elevated AFP levels in our patient normalized soon after surgery. However, AFP could serve as a marker of tumor recurrence (7, 8) . Due to relatively rare occurrence of SLCT in children and adolescents, optimal management and follow up were not well established in these patients, particularly in cases with unfavorable histology. In children and young females, fertility sparing surgery is the treatment of choice. In patients with FIGO stage I and favorable histology, unilateral salpingo-oophorectomy is curative. Metastases to lymph nodes are rare, so lymphadenectomy is not considered a routine part of the current operative procedure (9) . In majority of reported cases laparotomy was performed, however, minimally invasive laparoscopic surgery has been suggested as preferred modality by several authors (1, 3) , and this approach was used in our patient. Laparoscopy reduces morbidity and recovery time, but might increase the risk of intraoperative tumor rupture according to some authors (3, 6) . The European Cooperative Study Group on Pediatric Rare Tumors (EXPeRT) demonstrated high tendency of SLCT relapse in cases of intraoperative dissemination (2) . Therefore, precautions should be made to prevent tumor spillage during surgery. The enucleation of the tumor in toto by using endoscopic bag assures protection against tumor spillage (6) .
Adjuvant chemotherapy is recommended for patients with advanced disease, intermediate and poorly differentiated tumors, retiform pattern, presence of heterologous elements, and in cases of pre-or intraoperative dissemination (FIGO stage Ic) (1, 2) . Due to the presence of heterologous elements on histology, adjuvant chemotherapy was proposed to our patient, however, she refused it. In largest cohort of children with SCLT reported by EXPeRT Study Group, the most common presenting symptoms were virilization, hirsutism (10/41) and secondary amenorrhea (8/41), while 17/41 patients reported abdominal pain (2). Our patient did not experience any abdominal symptoms, probably due to relatively small size of the tumor, while clinical symptoms of virilization were considerable. In study conducted by Fresneau et al., that included 11 patients with SCLT, the presence of endocrine symptoms correlated with younger age at diagnosis and smaller tumor size (10) . It is difficult to predict the long-term clinical nature of the disease, particularly in terms of different histology. The prognosis depends on tumor staging, differentiation, presence of heterologous elements, mitotic index, and tumor dissemination before, or during surgery (11) . Most of the children with SLCT present with intermediate-grade tumor (2). While Roth et al. (12) found younger age to be associated with less differentiated tumors, Sigismondi et al. (1) (1) . The recurrence of malignant SLCTs usually occurs 1 to 3 years following the initial diagnosis. The tumor recurrence after five years of follow-up is rare (1, 2, 10) . The reports on the follow up of patients with SLCT are promising regarding fertility potential, as there are emerging reports of successful pregnancies following SLCT treatment (13) . Recent data emphasize the risk of development of thyroid disease in SLCT survivors, particularly thyroid carcinoma. This is attributed to association of SLCT with DICER1 mutations (14, 15) . Kato et al. (14) demonstrated that SCLT patients, carriers of DICER1 mutations are younger, with marked virilization and heterologous components in tumor, compared to DICER1 wildtype SLCT patients. Two patients followed by EXPeRT study group developed thyroid carcinoma. They were not tested for DICER1 mutation (2) .
Prior to the diagnosis of SLCT, our patient was evaluated for thyroid disease because of palpable neck mass. Since she has not been tested for DICER1 mutations, her follow up should include routine thyroid palpation, thyroid hormone measurement and yearly thyroid ultrasound evaluation. Moreover, it is advisable to perform DICER1 mutation analysis, since carriers of these mutations can develop contralateral, metachronous ovarian tumors even after the usual period of recurrence (15) . Furthermore, their offspring carry increased risk for development of pleuropul-monary blastoma (15) . Our patient requires prolonged follow up due to emerging knowledge regarding predisposition of patients with SLCT to develop other malignancies. The multidisciplinary approach is needed to establish the correct diagnosis and to determine optimal management of each patient. Long-term follow-up is necessary due to evolving insights regarding related diseases in SLCT survivors.
Conclusion
Sertoli-Leydig cell tumors are rare in children and adolescents and current recommendations regarding surgical treatment and chemotherapy rely on published single case reports and case control studies. Special note should be put on long-term follow up of SLCT survivors and their family members since recent literature suggests that SLCT could be a part of hereditary tumor susceptibility syndrome with a variety of manifestations. 
